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SECTION 1
TECHN!CAL D'SCUSSION

While running the S-CUBED final prediction for MISTY ECHO, it was noted
that the os-axis profiles appeared to be ringing at and behind the front. This
manifested itself in the monitor plots, as well, with noticeable ringing. Following the
conclusion of the prediction calculation, we undertook a numerical study aimed at

improving the damping in STREAK. This report documents that study.

The need for a certain amount of damping in finite difference solutions of
stress wave propagation has long been recognized. It is also generally understood that
this damping may be explicit, as in the Richtmeyer-von Neumann artificial viscosity, or
inherent in the finite difference approximations as truncation error, as is the case in

the Eulerian first order donor scheme.

The need for damping (code glue, to some) is somewhat disturbing, but can be
shown to have both physical and mathematical justifications. The case of shock
propagation is where the need for damping is most clear. Since real viscous effects
are important for the siructure of physical shocks, it should not be surprising that a
numerical analogue of viscosity is required for numerical simulation of a shock. There
is, however, a much more profound explanation. If we assume a steady wave with a
constant profile, it can be shown that the physical loading path of a Lagrangian
particle is along a Rayleigh line. (This is not widely appreciated, but it is true.) The
terminal state of this loading is the Rankine-Hugoniot state, an equilibrium state, but
other states on the loading path are non-equilibrium states which are not compatible
with the equation of state. In other words, the material states required by the
dynamics of shock wave propagation are not consistent with the equation of state. In
addition, unless there are non-equilibrium contributions to the pressure which can
make the material pressure compatibie with the dynamics, there will not be a
mathematical solution to the steady wave problem. This, we believe, is the cause of

numerical oscillation.




Thus in order to have well-behaved numerical solutions, it is essential to have

viscous or other non-equilibrium stresses. Low order schemes produce these

contributions by accident. High order schemes require an explicit treatment.

In the early 1980's STREAK was upgraded from a first order code with no
explicit damping to a second order code in space and time with a FRAM-like
damping.1 This scheme looks for local osciilations and introduces damping as needed
only to maintain monotonicity. The code was extensively tested and tie FRAM
method was found to perform well in a large number of test problems. However,
recent production calculations with STREAK have exhibited undesirable spikes and
ringing which have been traced to insufficient damping at the wavefront when the
overall computational time step is much smaller than the Courant time step at the
shock front. This will occur when there are regions of the problem which require a
more stringent time step than that carried at the shock front. This often happens in

a calculation which carries both the fireball and the stress wave in the ground.

This has led us to consider the inclusion of additional explicit damping. Some
care is required because of the potential for a destructive interaction with existing
damping mechanisms. To prevent overdamping, certain terms in the finite difference
equations were recentered tc eliminate damping which was present for time steps near
the Courant limit. There was no modification of the FRAM scheme which provides

adequate damping when certain monotonicity conditions are not satisfied.

We then considered various combinations of linear and quadratic artificial
viscosities. This exercise showed that linear artificial viscosity was required to control
the numerical pathologies, but that quadratic viscosity had either small or negative
effects on the solution. It appears that FRAM is adequately dealing with the problems
that would otherwise require quadratic viscosity, and that additional quadratic viscosity
provides too much damping. However, it appears that linear artificial viscosity is
complementary to FRAM, and provides required damping where FRAM is inadequate.
This is believed to be in the very stiff regime of the equation state, where the

pressure is comparable or small compared to the bulk modulus.

1. Chapman, M., "FRAM-Nonlinear Damping Algorithms for the Continuity
Equation,” J. Comp. Phys. 44. 84-103, 1981.

N




The form of the viscosity used is as follows:

Q=-p CL CS A-v , for all A-v
where
p = material density
CL = damping coefficient
CS = local sound speed
A-v = velocity difference

We tried various values of the damping coefficient (C ), and have found that a

U
value of 0.5 is the best compromise between controlling the damping and minimal

smearing and spreading of the wave.

Appendices A-D which follow compare four calculations which clearly
demonstrate the merit of explicit linear artificial viscosity in addition to FRAM. The
calculations model 1-D spherical explosions in MISTY ECHO grout with a starting
pressure of 100 Mbar. The test matrix consists of coarse and fine Eulerian grids, with
and without the code modification. The coarse grid simulates the zoning actually used

for the Misty Echo calculation, while the fine grid solutions are essentially fully

converged.
Appendix A Standard STREAK Coarse zoning
Appendix B Standard STREAK Fine zoning
Appendix C STREAK with C = 0.5 Fine zoning
Appendix D STREAK with C = 0.5 Coarse zoning

The coarse solution without the code modification produces waveforms which
are quite noisy, and clearly questionable. The corresponding fine solution is clearly
better behaved, with only a minor artifact at the wavefront. It is generally

unambiguous how to interpret the fine zoned calculation.




With the modified code, the fine zoned calculation with the modified code is
essentially identical to the fine zoned calculation with the unmodified code with the
exception that overshoots at the wavefront are well controlled. The coarse calculation
with the modified code gives quite good agreement with the fine zoned calculations,
with only a minor overshoot at the wavefront. The improvement over the coarse

calculation with the unmodified code is dramatic.

In spite of these results, linear artificial viscosity must be used with caution.
There are reports of serious solution errors traceable to linear artificial viscosity. Two
such cases that other at S-CUBED have had direct experience with are with the
propagation of weak gasdyramic signals, and the propagation of linear elastic signals
in Lagrangian codes. It is possible that these difficulties are unique to Lagrangian

codes.

To test the gasdynamic question, we have performed a similar set of test
calculations for a shock propagating in real air. For the high pressure regime (shock
pressures greater than a few hundred bars), the linear artificial viscosity is still an
improvement, albeit a small one. For the weak shock case (shock pressures down to
1.2 bars), the viscosity is a larger improvement and clearly a good feature to add to

the code. The following appendices show the results.

Appendix E Standard STREAK High pressure Fine zoning
Appendix F STREAK with C = 0.5 High pressure Fine zoning
Appendix G Standard STREAK Low pressure Coarse zoning
Appendix H Standard STREAK Low pressure Fine zoning
Appendix | STREAK with C = 0.5 Low pressure Fine zoning
Appendix J STREAK with C = 0.5 Low pressure Coarse zoning

in all these cases, the version with an artificial viscosity clearly improves the
solution, and brings it close to what the standard, fine zoned case would suggest

when the obvious over-ring is removed.




Even with these _.sults, however, we think that the modified code should be

used with caution urtil further studies can be completed. We need to run a two-
dimensior.al test and this will be a rerun of part of the MISTY ECHO calculation to

see if the problems clean up and be sure there are no unforeseen problems.

There remains the problem of filtering numcrica' oscillations out of existing
solutions. The biggest difficulty here is estimating the true peak when there has been
a numerical overshoot. We have taken two independent approaches to this problem,
and have found the results to be consistent.

The first approach is based on the fact th.at the observed peaks (pressure, density
and velocity) satisfy the equation of state Rankine-Hugoniot relations, but with a
shock speed which is systematically different than the wave speed in tie calculation.
If we postulate that the calculational wave speed is correct and infer peak values from
the equation of state Rankine-Hugoniot relations, these peak values a‘ ear reasonable
in every case we examined. {The numerical wave speed is inherently noisy, and

required smoothing.)

Figures 1 and 2 show the correction factors as a function of raw pressure and
velocity for the S-CUBED MISTY ECHO final prediction.

As a check on this question, we ran a spherical 1D calculation with similar
zoning and time steps as a proxy ior the 2D problem. This calculaticn produred
underdamped waveforms similar to those in the 2D calculations. We then performed
a convergence analysis by refining the zones in the 1D problem. The results agree

well with the corrected data as obtained by the procedure outlined above.




£ AQUNY 104 anssasd opod snsion jopep omssard oposr/ossard peraio) | aundiy
O /OUApP) OJdNS<KOd| Opo
(U /e P) QANS=odd 9pon

b1 01 101 5101 1101 0101
AR A (L L 1 A A I O O 00

a0
.-
V0 o
—
90 o
. 0, °
\\ 1807
- @)
xéé?&@«/\ e
101 o
Q)
a1 T
4
|
N
U T T N A IR AR _

CAppny|

L QS

DANSSOd ] OPO) SA AA_L:VCLV\AL ﬁzizv_




£ AQUNY 10} Ainojpa bpos snsiaa 101oey Kinopa apodr/Kioppa padino) 'z amdiy

(008 /1ID) AYIO0[OA OpO))

01 001 01 L0
e et 1070
120

- 0 O

<170 S

=

- 190 o

Q.

| \\\é{) 180 &

M

- |\<Z,>Z/\//\/\/\S\/\ B C— m

| @

: S
1]

SEN R R R A N N BN I PR B
cAppng

AVIDOOA Op0) SA (A OpoD) /(A POW)







APPENDIX A
STANDARD STREAK
COARSE ZONING
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DEPARTMENT OF DEFENSE

AFSOUTH
ATTN. U S DOCUMENTS QFFICER

ARMED FORCES STAFF COLLEGE
ATTN: LIBRARY

ASSISTANT TO THE SECRETARY OF DEFENSE
ATOMIC ENERGY
ATTN: EXECUTIVE ASSISTANT

OEFENSE INTELLIGENCE AGENCY
ATTN: DB
ATTN: DB-1(G FERRELL}
ATTN: DB-6(R MANN)
ATTN: DE(ESTIMATES)
ATTN: DI-5
ATTN' DIA/VPA-2 (FED RES DIV)
ATTN: RTS-2B

DEFENSE NUCLEAR AGENCY
ATTN: DFRA
ATTN: NANF
ATTN' NASF
ATTN: OPNA
ATTN: OPNS
ATTN: RAEE

4 CYS ATTN: TITL

DEFENSE NUCLEAR AGENCY
ATTN: NVCG

DEFENSE NUCLEAR AGENCY
2 CYS ATTN; TOTT W SUMMA

DEFENSE TECHNICAL INFORMATION CENTER
2CYS ATTN: DTIC/FDAB

JOINT DATA SYSTEM SUPPORT CTR
ATTN: C-312 R MASON
ATTN: C-332

JOINT STRAT TGT PLANNING STAFF
ATTN: JK
ATTN: JKCS
ATTN: JLT
ATTN: JP

NATIONAL DEFENSE UNIVERSITY
ATTN. ICAF-ICC
ATTN: NWCO

NATIONAL SECURITY AGENCY
ATTN- CHIEF A GROLIP

STRATEGIC AND THEATER NUCLEAR FORCES
ATTN: DR E SEVIN
ATTN. DR SCHNEITER

THE JOINT STAFF
ATTN: J-5
ATTN: 1.8/CAD
ATTN: JAD/SFD
ATTN: JAD/SSD

DISTRIBUTION LIST
DNA-TR-89-122

Dist-1

DEPARTMENT OF THE ARMY

DEP CH OF STAFF FOR OPS & PLANS
ATTN: DAMO-NCN
ATTN: DAMO-NCN(NUC CHEM DIR)
ATTN: DAMO-RQS
ATTN: DAMO-ZXA

HARRY DIAMOND LABORATORIES
ATTN: SLCIS-IM-TL

QFFICE OF ASSISTANT SECRETARY OF ARMY
ATTN: SARD-ZCA

U S ARMY BALLISTIC RESEARCH LAB
ATTN: SLCBR-DD-T
ATTN: SLCBR-SS-T

U S ARMY COMB ARMS COMBAT DEV ACTY
ATTN: ATZL.CAP

U S ARMY COMD & GENERAL STAFF COLLEGE
ATTN: ACQ LIBRARY DIV

U S ARMY MATERIEL SYS ANALYSIS ACTVY
ATTN: AMXSY-CR

U S ARMY MISSILE COMMAND
ATTN: RD-AC-FS

U S ARMY NUCLEAR & CHEMICAL AGENCY
ATTN: MONA-NU

U S ARMY NUCLEAR EFFECTS LABORATORY
ATTN: DR J MEASON

DEPARTMENT OF THE NAVY

NAVAL POSTGRADUATE SCHOOL
ATTN: LIBRARY

NAVAL RESEARCH LABORATORY
ATTN: CODE 1220
ATTN: CODE 2627

NAVAL SEA SYSTEMS COMMAND
ATTN: SEA-09G53
ATTN: SEA-643

NAVAL SURFACE FORCE
ATTN: COMMANDER

NAVAL SURFACE WARFARE CENTER
ATTN: R ROBINSON
ATTN: S HUGHES

NAVAL TECHNICAL INTELLIGENCE CTR
ATTN: NISC-30

NAVAL WEAPONS EVALUATION FACILITY
ATTN: CLASSIFIED LIBRARY

NUCLEAR WEAPONS TNG GROUP, ATLANTIC
ATTN: CODE 221
ATTN: DOCUMENT CONTROL




ONA-TR-89-122 (DL CONTINUED)

NUCLEAR WEAPONS TNG GROUP, PACIFIC
ATTN: DOCUMENT CONTROL

OFC OF THE DEPUTY CHIEF OF NAVAL OPS
ATTN: OP 654
ATTN: 0P 981

OEPARTMENT OF THE AIR FORCE

AIR UNIVERSITY LIBRARY
ATTN: AUL-LSE

ASSISTANT CHIEF OF THE AIR FORCE
ATTN: SAF/ALR

SPACE DIVISION/CWH
ATTN: CWH (DSCS 111)

WEAPONS LABORATORY
ATTN: SUL

DEPARTMENT OF ENERGY

LAWRENCE LIVERMORE NATIONAL LAB
ATTN: L-35
ATTN: L-38
ATTN: L-289
ATTN: L-450 w HOGAN
ATTN: Z DIVISION LIBRARY

LOS ALAMOS NATIONAL LABORATORY
ATTN: D RICHMOND
ATTN: T DOWLER
ATTN: REPORT LIBRARY

SANDIA NATIONAL LABORATORIES
ATTN: TECH LIB 3141
ATTN: W LING

OTHER GOVERNMENT

CENTRAL INTELLIGENCE AGENCY
ATTN: N10 - STRATEGIC SYS

DEPARTMENT OF DEFENSE CONTRACTORS

ADVANCED RESEARCH & APPLICATIONS CORP

ATTN: DOCUMENT CONTROL

BDM INTERNATIONAL INC
ATTN: C WASAFF
ATTN: J BODE S
ATTN: J BRADDOCK
ATTN: R BUCHANAN

BOEING CO
ATTN: H WICKLEIN
ATTN: J W RUSSELL

GRUMMAN DATA SYSTEMS CORPORATION
ATTN: S SHRIER

HORIZONS TECHNOLOGY, INC
ATTN: JPALMER -~

IIT RESEARCH INSTITUTE
ATTN: DOCUMENTS LIBRARY

Dist-2

INSTITUTE FOR DEFENSE ANALYSES

ATTN: CLASSIFIED LIBRARY
ATTN: J GRUTE ’

JAYCOR
ATTN: R SULLIVAN

KAMAN SCIENCES CORP
ATTN: DASIAC

KAMAN SCIENCES CORP
ATTN: F SHELTON

KAMAN SCIENCES CORP
ATTN: E CONRAD

KAMAN SCIENCES CORPORATION
ATTN: DASIAC

MARTIN MARIETTA DENVER AEROSPACE
ATTN: J DONATHAN

ORION RESEARCH INC
ATTN: J E SCHOLZ

PACIFIC-SIERRA RESEARCH CORP
ATTN: H BRODE

PACIFIC-SIERRA RESEARCH CORP
ATTN: D GORMLEY

R & D ASSOCIATES
ATTN: CKBLEE
ATTN: D SIMONS
2CYS ATTN: DOCUMENT CONTROL

R & D ASSOCIATES
ATTN: J THOMPSON

R & D ASSOCIATES
ATTN: JWALTON

RAND CORP
ATTN: V JACKSON

RAND CORP
ATTN: B BENNETT

S-CUBED _
ATTN: B PYATT
2CYS ATTN: H FREIBERG
2CYS ATTN: J BAKER
2CYS ATTN: S PEYTON

SCIENCE APPLICATIONS INTL CORP
ATTN: DOCUMENT CONTROL
ATTN: E SWICX
ATTN: J MARTIN
ATTN: M DRAKE
ATTN: RJ BEYSTER

SCIENCE APPLICATIONS INTL CORP
ATTN: J SHANNON
ATTN: L GOURE
ATTN: W LAYSON

SCIENCE APPLICATIONS INTL CORP
ATTN: R CRAVER



DNA-TR-89-122 (DL CONTINUED)

TRW INC
ATTN: D SCALLY
ATTN: RBURNETT



